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ABSTRACT
Two experiments, each involving 5,600 day-old chicks,
were conducted to evaluate the responses of sexed broiler chicks
to selected protein sequences.

Both experiments included a

2 (sex) X 7 (protein sequence) factorial arrangement of treat
ments.

Each 9-week experiment was divided into three 3-week

periods, each period receiving a designated dietary protein per
centage level, in sequence.
sequences)

(protein

for the three consecutive periods in Experiment I

were as follows:
19-19-19;

The seven treatments

1, 17-17-17; 2, 17-17-22; 3, 17-22-22; 4,

5, 22-17-17;

6 , 22-22-17; 7, 22-22-22.

ments in Experiment II were as follows:

The treat

1, 16-16-16; 2, 16-

16-21? 3, 16-21-21; 4, 19-19-19; 5, 21-16-16; 6 , 21-21-16;
7, 21-21-21.
Feed and water were supplied ad libitum throughout both
experiments.

Average weight, feed intake, feed conversion and

total carcass composition proximate analyses data were record
ed and analyzed at the end of each experiment.
Significant differences were found due to sex for average
weight, feed intake, feed conversion, protein efficiency ratio
and carcass moisture, fat and ash percent.

No differences in

carcass crude protein percent and only slight differences in
protein utilization were observed due to sex at nine weeks of
age.

The sexes appear to be equally efficient in convert

ing dietary protein to body protein.
The protein sequence treatments produced a differential
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in gms. protein intake of 282 for males and 226 for females
in Experiment I and in Experiment II, 296 for males and 239
for females.

Average weight was not significantly affected

by protein sequence in Experiment I, but was improved in
Experiment II by feeding the higher protein percentage in the
first period and by increasing the dietary protein levels dur
ing subsequent three-week periods.

Feed intake was reduced and

feed conversion was improved when the chicks received the low
dietary protein level during the first period, followed

by

increases in the protein levels in subsequent periods.
Total carcass composition at nine weeks of age was not
affected by protein sequence in either experiment.

Although

protein intake ranged from suboptimal to superoptimal, nineweek protein deposition in the carcass appeared to plateau at
approximately 375 grams, which indicated the possibility of
a genetic barrier to protein deposition.

As protein intake

increased, protein efficiency ratio and protein utilization
decreased.

The 19-19-19% protein sequence appeared to be

superior to the other sequences for nearly all of the variables
studied.
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INTRODUCTION
For well over 100 years, protein has been known to be a
dietary essential.

The name "protein" was derived from the

Greek word "proteios," which means "first" or "of primary
importance."

In the early 20th century, investigators began

to realize that the need for protein was actually a need for
amino acids, which are the ’building blocks' or components
of protein.
It has been suggested that an ideal diet for growing
chicks is one that supplies the essential amino acids in a
balanced template such that the proportions of the amino
acids are optimal to meet the chicks' requirements for main
tenance and maximum growth.
Maximum growth can no longer be the criterion of choice
in protein nutrition studies, since the world-wide demand for
protein is increasing each year and the proportion of the
available protein for animal consumption is being reduced
by the competition for human consumption.

Instead, the

more efficient utilization of protein must be investigated.
The studies reported herein were initiated in an attempt
to characterize the responses of sexed broiler chicks to
varying protein intakes.

The criteria examined were average

weight, feed intake, feed conversion ratio, protein intake,
protein deposition, protein efficiency ratio, total carcass
composition proximate analyses and protein utilization.
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REVIEW OP LITERATURE
Protein has long been known to be a dietary essential,
and has been studied quite extensively during the past one
hundred years.

This review will concentrate on the more

recent studies in protein and amino acid nutrition with
reference to some of the classic pieces of research from
which some of the basic concepts of protein utilization arise.
Almquist

(1952) presented an excellent review article

concerning amino acid requirements of poultry and interrelated
factors.
Two four-week experiments to study the relationship
between dietary energy and dietary protein in starting rations
for chicks were conducted by Donaldson et al.

(1956).

The

rations included in the experiments contained varying energy
levels from 799 to 1207 Kcal of productive energy per pound
and varying protein percentages from 15.18 to 27.45.

The

researchers observed an improvement in growth and feed
efficiency as the dietary protein level increased at each
energy level.

They also noted that as the calorie-protein

ratio widened, the chicks appeared to consume relatively more
energy in an attempt to obtain other required nutrients, which
the researchers presumed to be amino acids.
Rand et al.

(1957) were investigating the effects of

dietary energy, protein and fat on carcass composition of
chicks and found a reduced fat percentage in the carcass when
protein consumption increased.

High levels of dietary protein

2

3

tended to decrease the portion of carcass fat derived from
dietary fat thus indicating that protein consumption was the
main controlling factor affecting the percentage of fat in
the carcass.
Spring and Wilkinson (1957) conducted a 3 X 3 factorial
experiment with 22, 25 and 28% protein and 1200, 1350 and
1500 Kcal. metabolizable energy per pound to study body com
position of broilers at two, four, six and eight weeks of age.
At eight weeks of age, increasing the dietary protein levels
had no effect on weight gain, decreased body fat and increased
body protein and water.
Two nine-week experiments, involving 3,200 sexed, cross
bred broiler chicks were conducted by Douglas and associates,
(1958) to study glycine as a possible limiting amino acid in
corn-soy base broiler rations. Increasing the protein con
tent of the diets from 21% to 25% in experiment 1 and from
21% to 24% in experiment 2 resulted in significantly higher
body weights for males, but no increase in weight for females.
The authors suggested that the protein requirement for males
is higher than for females, and that the amino acid content
and balance of the diet be considered rather than total pro
tein content to promote more rapid growth of broilers and to
obtain better utilization of feed.
Douglas and Harms

(1959) while studying peanut oil meal

as a protein source in broiler diets observed that when re
placing soybean oil meal with peanut oil meal, hence diluting the
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protein quality, that females were not retarded in growth as
severely as the males.

They concluded that the male broiler

required a protein of higher quality than the females.
A series of experiments studying energy-protein relation
ships was reported by Leong et al.

(1959).

It was shown that

the energy content of the diet regulated feed intake; there
fore the protein level in the diet should be related to the
energy content to allow enough protein intake for optimal
growth.

In one of the experiments reported herein, as the

protein level in the diet increased, regardless of energy
level, the grams of live weight obtained per gram of protein
consumed (ie P.E.R.) decreased.

The authors suggested that

amino acid balance was of great importance in protein utili
zation, and that dietary energy level was the main factor
affecting visceral fat deposition.
Summers and Fisher,

(1961) observed a linear decrease in

net protein values from 68.6% to 45.5% when dietary protein
levels increased from 12 to 27 percent of the diet.

The car

cass water:nitrogen ratios were found to be essentially con
stant despite considerable variations in nitrogen and fat
content of the carcass.

As dietary protein increased, there

was a corresponding increase in carcass moisture and nitrogen
and a decrease in carcass fat.
Marion and Edwards,

(1963) fed isocaloric, semipurified

diets containing 14.4% or 24.1% protein and 0% or 5% corn
oil in a 2 X 2 factorial arrangement of treatments to day-old

5
female chicks.

Feeding the higher protein level resulted in

significantly heavier birds at fifty-six days of age and sig
nificantly improved feed conversion ratios.

After the birds

reached sexual maturity, egg weights and production were not
affected by the level of protein in the diet.
Nitrogen balance and carcass retention methods of protein
evaluation were studied by Chalupa and Fisher,

(1963).

Three

levels of protein (10, 13 and 17%) from cottonseed meal and
linseed meal were fed to chicks in a 21 day test period.

Net

protein utilization values decreased when dietary protein
levels were increased, and source of carbohydrate was also
shown to affect N.P.U.

The authors noted a species difference

between rats and chickens in N.P.U. values which they attrib
uted to the longer gastrointestinal tract of the rat in re
lation to its body size.
Summers and associates (1964) used a factorial arrange
ment of treatments involving five levels of dietary protein
(10, 14, 18, 22 and 26%) and four levels of dietary energy
(2.50, 2.78, 3.05 and 3.33 Kcal. M.E./gm.) to study the in
fluence of protein and energy on growth and protein utiliza
tion by growing chickens.
feed efficiency as the

They observed an improvement in

level of protein or metabolizable

energy was increased and a linear decrease in net protein
utilization as protein

level in the diet was increased.

authors suggest energy

level as well as protein level be

The

taken into account when measuring N.P.U. or nitrogen retention
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with growing chickens, and the calorie;protein ratios be with
in the normal range for the type of bird being studied so
that energy does not limit protein intake therefore mask pro
tein effects.

It was suggested that using higher levels of

protein in studies on protein utilization would eliminate the
criticism that evaluation of proteins at or below the main
tenance level does not give a satisfactory assessment for
application in growing chickens.
Amino acid balance is highly important in protein utili
zation studies.

Combs et al.

(1964) demonstrated that levels

of certain excess amino acids or their metabolites which
accumulate in the blood when high levels of protein are fed
may reduce the voluntary consumption of metabolizable energy
by the chick.
Velu, Scott and Baker (1972b) fed a balanced amino acid
mixture that was devoid of one essential amino acid to chicks
and observed an increase in voluntary feed intake and carcass
fat as the level of the "devoid" amino acid was increased.
Couch and Rayton (1974) proposed broiler diets be formu
lated to meet the amino acid requirements and that the pro
tein levels should be from 18 to 24% of the diet.
Combs

(1964) reported as protein was lowered in ad

libitum feeding of isocaloric diets, protein retention
steadily improved, carcass fat increased and carcass protein
and moisture decreased.
Bedell (1966) in studying the effect of dietary protein
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on energy utilization observed an increase in protein intake
and a reduction in protein utilization when dietary protein
levels were increased from twenty to twenty-six percent.
However, dietary protein did not affect carcass composition.
Hegsted and Neff

(1970) presented data which indicated

that protein utilization in young rats was constant over a
wide range of intakes, from maintenance to higher levels
which allowed near maximal growth.
Velu, Baker and Scott (1971) conducted an experiment in
which young chicks were fed crystalline amino acids in incre
ments from 11.57% to 30.85% of the diet.

Increasing the

dietary protein levels resulted in increases in body protein
and water and a reduction in body fat.

They reported that

23.14% protein was the dietary level necessary to maximize
body protein retention and weight gain, and that protein
utilization was constant over a wide range of protein intakes.
In a later study Velu et al.

(1972a) reported linear in

creases in rate and efficiency of gain, percent body water,
percent carcass protein and protein retention as the amino
acid content of the diet was increased from 60% of the refer
ence standard to 140% in 40% increments.
Eberst and associates
ments of growing turkeys.

(1972) studied the protein require
Body weight gains by sex were

found to be improved by increasing the protein percentages in
isocaloric diets from 20% to 22% and 22% to 24%.

Increasing

the dietary protein level from 24% to 26% did not significantly

change body weight gains; therefore, the authors concluded
that 24% was the protein requirement for growing turkeys
between six and twelve weeks of age when the ration contained
2988 Kcal. M.E./Kg.
Kubena et al.

(1972a) conducted four experiments with

sexed broiler chicks to study temperature and sex as possible
factors affecting the amino acid requirements of growing
broilers.

Four isocaloric rations containing 80, 90, 100 or

110% of the recommended levels of lysine and the sulfur-cona

taining amino acids with protein values of 16.5, 18.0, 19.5
and 2 1 .0% respectively, were fed to the chicks during the
last three weeks of the eight-week grow-out period at ambient
temperatures of 18.3 and 29.4°C.

The authors reported maxi

mized body weight gains and feed utilization at 18.3°C for
males which were fed 100% of the recommended levels of lysine
and total sulfur-containing amino acids; whereas, gains and
feed utilization were maximized at 29.4®C for males when the
90% level was fed.

Females attained maximum growth and feed

utilization with the 90% level of the amino acids at both
temperatures.
Aitken et. al.

(1973) reported feed consumption was in

fluenced in laying white Leghorn hens by protein level in the
diet as well as energy level.

Feed consumption increased

against an increasing energy gradient as protein level de
creased, suggesting that the birds were consuming feed in
excess of their caloric requirements in an attempt to obtain

more protein.
Robel and Menge

(1973) conducted two trials comparing

the performance of chicks fed a nutritionally adequate diet
formulated to meet the National Research Council’s amino acid
profile and the same diet supplemented with amino acids such
that the amino acid profile of the diet was similar to the
chick's carcass composition.

The authors reported no signifi

cant differences at six weeks of age in weight gains or feed
efficiency.

These findings did not validate the assumption

that an optimal amino acid mixture is one that matches the
essential amino acid profile of the chick carcass, since the
amino acid requirements associated with increasing age of the
chick, the speed of manufacture of certain bodily tissue,
changes in bodily functional purposes and optimal amino acid
balance were not taken into consideration.
Two experiments to evaluate body composition and protein
utilization of chicks fed graded levels of corn oil were con
ducted by Velu and Baker (1974).

Differentials in amino acid

intake were effected by varying the caloric density of the
diet or the amino acid concentration.

Protein intakes, which

were below the requirement for maximal protein retention,
varied from 20 to 55 grams during the thirteen day assay
period and produced relatively constant protein utilization
values.

Body fat increased and body protein decreased as the

protein intake was reduced.

The authors proposed an improve

ment in protein utilization by increasing the energy level
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in diets containing suboptimal energy levels for the protein
levels fed.
Gehle et al.

(1974) studied the effects of four feeding

regimes on the performance of male, female and mixed-sex
broiler chickens.

The feeding regimes consisted of a starter

ration fed for either 28 or 35 days followed by a finisher
ration fed to 49 or 56 days.

Males were heavier than females

at the end of the experiment regardless of the starter-finisher program used.

Males fed the starter for 28 days were

heavier at 49 and 56 days than the males fed the starter for
35 days.

Females at 49 and 56 days of age were heavier when

fed the starter ration for 28 days instead of 35 days.

Males

fed starter for 35 days and finisher to 56 days exhibited the
best feed/gain ratio

(1.91), whereas the best female feed/

gain rat_o (1.94) was obtained by feeding starter for 28 days
and finisher to 49 days of age.

The authors concluded that

the use of one starter and one finisher ration for sexesseparate groups could be praticed with further refinements
in the time of switching from starter to finisher for each
sex.
Researchers heretofore have reported some striking
differences in their findings.

Some of the protein research

reviewed herein was conducted such that the effect of energy
on feed intake, hence protein intake, masked some of the true
responses to dietary protein.

In other research, some authors

did not attempt to maintain the same amino acid template when
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comparing experimental treatments.

While pursuing the studies

reported herein, due recognition was given to the concepts of
protein quality (amino acid balance) and the effect of
dietary energy on feed intake.

EXPERIMENTAL PROCEDURE
Experiment I
Day-old, Cobb color-sexed chicks were placed by sex in
to fifty-six pens, twenty-eight pens of males and twentyeight pens of females, at the rate of one hundred per pen.
The 3.048 meter-square pens were located in an open-sided
91.44 meter by 9.144 meter poultry house with a 3.048 meter
aisle down the center.
A factorial arrangement of treatments was applied to a
randomized blocks design experiment in which the factors were
sex (2) x protein sequence (7) with four replications.

The

nine-week experiment was divided into three 3-week periods,
each receiving a designated dietary protein percentage level,
in sequence.

The seven protein sequences for the three con

secutive periods were as follows:

1, 17-17-17; 2, 17-17-22;

3, 17-22-22; 4, 19-19-19; 5, 22-17-17; 6 , 22-22-17; 7, 22-2222.
The rations were formulated on a per-megacalorie basis,
using the International Business Machines, Mathematical Pro
gramming System - 360 (I.B.M., M.P.S. - 360) least cost pro
gram, such that the rations would be isocaloric across all
protein levels within each period and such that all rations
would contain a balanced amino acid template.
levels increased from 3141 Real. M.E./Kg.
Real. M.E./Kg.

The energy

(period 1) to 3197

(period 2) to 3252 Kcal. M.E./Kg

(period 3).

Feed and water were supplied throughout the nine week

12
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experiment ad libitum.

The chicks were warmed by a gas-fired

hover brooder and fed and watered for the first week using
small feed trays and vacuum canister-waterers.
For the remainder of the experiment, the chicks were
fed from handing-tube-type feeders and watered from springloaded cup waterers.
The balanced amino acid templates for the 17, 19 and 22
percent protein rations were 17/22, 19/22 and 22/22 of the
amino acid requirements for a 22 percent protein broiler
starter ration (Scott et al_. 1969).

The experimental diets

are shown in Tables I, II and III.
Weekly data on average weight, feed consumed, and feed
conversion were collected.
Carcass Analyses
One representative male or female chick was randomly sam
pled from each pen and sacrificed, without loss of blood by
cervical dislocation, for total carcass composition proxi
mate analyses at 3, 6 and 9 weeks of age.
Each bird was placed in a Manurhin*rotary blade, Silent
Cutter ground and homogenized for subsequent analyses.
Moisture was determined by drying a 4-6 gm. sample in a
mechanical-convection type oven at 100°C for 10 - 15 hours.
The samples were then frozen in 17 x 24 x 2 cm. alumi
num freezer trays.

After freezing, the carcass tray samples

*Silent Cutter manufactured by Manurhin De Machines
Duhant-Rhin, and distributed by Koch Supplies, Inc.,
Kansas City, Mo.

were randomly sampled by cutting 15 to 20 5mm cores from each
tray using a Sargent* mechanical cork borer, catalog #S-23207
The cores were then dried in a mechanical-convection type
oven at 100°C for 12 hours.
Ether-extract determinations were conducted according to
instructions of the A.O.A.C.

(1965).

The samples were ashed in a muffle furnace at 600°C for
12 to 15 hours in order to determine ash.

Nitrogen determina

tions were made by the Kjeldahl method as described in the
A.O.A.C.

(1965).

Total nitrogen was multiplied by 6.25 to

obtain the percent crude protein.
Statistical examinations of the data were performed in
accordance with the procedures described by Snedecor (1956).
Significant protein sequence means

(from varying treatments)

were examined using individual degree of freedom comparisons
as follows:
4 vs 1 2 3 5 6 7
1 2 3 vs 5 6 7
1 vs 2 3
2 vs 3
7 vs 56
5 vs 6

*E. H. Sargent & C o . , Chicago, 111.

TABLE I
COMPOSITION OF EXPERIMENTAL DIETS
FOR EXPERIMENT I
PERIOD 1 0 - 3 WEEKS
3142 Kcal.M.E./Kg.
% Crude Protein

17

19

22

%
1.00

%
1.00

%
1.00

2.33

4.30

7.94

----

0.13

1.50

70.33

62.37

48.59

Curacao Island Phosphate

2.24

2.17

2.07

Methionine

----

----

0.05

Salt

0.25

0.25

0.25

20.85

26.78

35.60

3.00

3.00

3.00

INGREDIENTS
•1
Premix
Stabilized Animal Tallow
Alfalfa Leaf Meal (17%)
Corn

Soybean Meal (44%)
Fish Meal

(Tuna)

2

^Adds per Kg. of finished feed: 8818 I.U. vitamin A, 1323
I.U. vitamin D-, 5.5 I.U. vitamin E, 4.4 mg. Riboflavin, 11.0
mg. Ca. Pantothenate, 22 mg. Nicotinic Acid, 13.2 meg.
vitamin B.j, 220.5 mg. Choline Chloride, 0.22 mg. Folic Acid,
0.07 mg. Biotin, 55 mg. Mn from Mn SO4 , 44.1 mg. Zn from
ZnCO^, 13.2 mg. Cu from CuSO.* 5 H_0, and 1300 mg. Methionine.
Also adds per Kg. of finished feed 11 mg. Terramycin and 500
mg. Zoamix for Broiler starter rations, 0-6 weeks of age.

2
Stabilized U.S. #2 animal tallow @7055 Kcal. M.E. per kg.

TABLE II
COMPOSITION OF EXPERIMENTAL DIETS
FOR EXPERIMENT I
PERIOD II 3-6 WEEKS
3197 Kcal. M.E./Kg.
% Crude Protein_____________ 17___________19

22

INGREDIENTS
Premix^
Stabilized Animal Tallow
Alfalfa Leaf Meal

2

%
1.00

1.00

1.00

1.94

3.16

5.61

%

1.00

(17%)

Choline Chloride (70%)
Corn
Curacao Island Phosphate

0.03
72.40

66.08

54.96

2.38

2.34

2.28

Methionine

0.02

Salt
Soybean Meal (50%)
Fish Meal

%

(Tuna)

0.25

0.25

0.25

19.00

24.17

31.88

3.00

3.00

3.00

^See Table I.
^Stabilized U.S. #2 animal tallow @7055 Kcal. M E . per k g .
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TABLE III
COMPOSITION OF EXPERIMENTAL DIETS
FOR EXPERIMENT I
PERIOD III 6-9 WEEKS
3252 Kcal. M.E./Kg.
17

19

22

Premix

%
1.00

%
1.00

%
1.00

Stabilized Animal Tallow^

3.84

5.86

7.54

Alfalfa Leaf Meal

----

0.17

0.94

0.04

----

----

69.27

59.35

51.65

Curacao Island Phosphate

2.45

2.39

2.34

Methionine

----

0.09

0.03

Salt

0.25

0.25

0.25

20.15

27.89

33.25

3.00

3.00

3.00

% Crude Protein
INGREDIENTS

(17%)

Choline Chloride (70%)
Corn

Soybean Meal
Fish Meal

(50%)

(Tuna)

S e e Table I.
S t a b i l i z e d U.S. #2 animal tallow @7055 Kcal. M.E. per kg.
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Experiment II
Five thousand six hundred day-old, Cobb color-sexed
chicks were placed in pens, by sex, in the broiler house de
scribed in Experiment I.

Each pen contained one hundred male

or one hundred female chicks.

A 2 (sex) x 7 (protein sequence)

factorial arrangement of treatments was used in this complete
ly randomized design experiment with four replications per
treatment combination.

The nine-week experiment was divided

into three 3-week periods, each receiving a designated die
tary protein percentage level in sequence.

The seven protein

sequences for the three consecutive periods were as follows;
1, 16-16-16; 2, 16-16-21; 3, 16-21-21; 4, 19-19-19; 5, 21-1616; 6 , 21-21-16; 7, 21-21-21.

The rations were formulated on

a per-megacalorie basis as was done in Experiment I, and the
isocaloric energy levels for each period were the same as
used in Experiment I.
The chicks received the same brooding, feeding, and
watering management practices as described in Experiment I.
The balanced amino acid template for the 16, 19 and 21
percent protein rations were 16/22, 19/22 and 21/22 of the
amino acid requirements for a 22 percent protein broiler
starter ration (Scott et al. 1969).

The experimental diets

are shown in Tables IV, V and VI.
Carcass Analyses
One male or female was randomly sampled from each pen,
sacrificed and analyzed for total carcass composition at the

end of the experiment.
Moisture, ether-extract, ash and nitrogen analyses were
conducted as previously described.
Average weight, feed consumed, and feed conversion data
were collected each week.
Variation caused by the different treatments was deter
mined by the analysis of variance (Snedecor 1956.)
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TABLE IV
COMPOSITION OF EXPERIMENTAL DIETS
FOR EXPERIMENT II
PERIOD 1 0 - 3 WEEKS
3142 Kcal. M.E./Kg.
% Crude Protein

16

19

21

%
1.00

%
1.00

%
1.00

2.58

0.81

2.00

Alfalfa Leaf Meal (17%)

5. 04

----

----

Choline Chloride (70%)

0.05

----

----

71.09

71.32

65.20

Curacaco island Phosphate

2.27

2.23

2.19

Oyster Shell Flour

0.61

----

----

Salt

0.25

0.25

0.25

14.11

21.39

26. 36

3.00

3.00

3.00

INGREDIENTS
Premix^
Stabilized Animal Tallow

2

Corn

Soybean Meal (50%)
Fish Meal (Menhaden)
^See Table I.

^Stabilized U.S. #2 animal tallow @7055 Kcal. M.E. per kg.
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TABLE V
COMPOSITION OF EXPERIMENTAL DIETS
FOR EXPERIMENT II
PERIOD II 3-6 WEEKS
3197 Kcal. M.E./Kg.
16

19

21

%
1.00

%
1.00

%
1.00

1.85

2.69

4.03

Alfalfa Leaf Meal (17%)

----

----

0.20

Choline Chloride

0.07

----

----

75.04

68.23

61.65

Curacao Island Phosphate

2.35

2.30

2.25

Oyster Shell Flour

0.80

----

----

Salt

0.25

0.25

0.25

15.64

22.53

27. 62

3.00

3.00

3.00

% Crude Protein
INGREDIENTS
Premix^
Stabilized Animal Tallow

(70%)

Corn

Soybean Meal
Fish Meal

(50%)

(Menhaden)

2

■^See Table I.
2
Stabilized U.S. #2 animal tallow 07055 Kcal. M.E. per kg.
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TABLE VI
COMPOSITION OF EXPERIMENTAL DIETS
FOR EXPERIMENT II
PERIOD III 6-9 WEEKS
3252 Kcal. M.E./Kg.
16

19

21

%
1.00

%
1. 00

%
1.00

2.85

4.58

5.85

0.07

-------- ---

-----------

74.40

65.16

58.70

Curacao Island Phosphate

2.40

2.34

,2.30

Salt

0.25

0.25

0.25

16.03

23.67

28.90

3.00

3.00

3.00

% Crude Protein
INGREDIENTS
■I

Premix
Stabilized Animal Tallow
Choline Chloride (70%)
Corn

Soybean Meal
Fish Meal

(50%)

(Menhaden)

2

^"See Table I.
2
Stabilized U.S. #2 animal tallow @7055 Kcal. M.E. per kg.

RESULTS AND DISCUSSION
Experiment I
The purpose of this experiment was to compare the pro
tein requirements of male and female broilers, grown separ
ately, by effecting a range of dietary protein intake in nine
weeks, and to characterize the growth pattern of each sex in
relation to changes in the dietary protein level at different
times during the 9-week grow-out period.

A factorial arrange

ment of treatments consisting of 2 (sexes) x 7 (protein
sequences) was used in a randomized blocks design experiment
with four replications for this nine-week study.

The rations

used in composing the seven protein sequences are shown in
Tables I, II and III.
A summary of nine-week average weight, feed intake and
feed conversion data is presented in Table VII.

The analyses

of variance for average weight, feed intake and feed conver
sion are shown in Tables VIII, IX and X.
The analysis of variance for average weight, presented
in Table VIII showed no significant differences due to protein
sequence.

These findings disagree with the results of experi

ments conducted by Marion and Edwards,
Denman,

(1963) and Edwards and

(1975), who found that feeding higher protein levels

(up to 30% of the diet) resulted in significantly heavier
birds at fifty-six and twenty-eight days respectively.

These

data agree, in principle, with the results observed by Spring
and Wilkinson,

(1957) who found that increasing the dietary
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protein from 22% to 25% to 28% at eight weeks of age had no
effect on weight gains.
Sex exerted a highly significant effect,

<P < 0.01), with

the males being 336 grams heavier than the females at nine
weeks of age.
et al.

These data agree with reports by Halloran,

(1972), Barnes,

(1973) and Watts, et al.

(1973), who

found that males grow faster than females when fed the same
rations.
Examination of the analysis of variance for feed intake,
presented in Table IX, revealed highly significant differences
(P < 0.01), due to protein sequence.

Individual degree of

freedom comparisons showed that the birds starting at 22% pro
tein consumed approximately 135 grams more feed in nine weeks
than did the birds starting on the 17% protein rations.

The

birds receiving the 22% protein diets in the first three-week
period, as a whole, tended to have a decreased protein per
centage in the diet during the final three-week period when
most of the total feed intake occurred.

These birds apparent

ly consumed feed in excess of their caloric needs in an
attempt to obtain more protein.

Aitken, et al,

(1973) report

ed similar results when feeding protein levels from 11.1% to
16.9% of the diet to laying White Leghorn hens.
Sex had a highly significant effect on feed intake
(P < 0.01).

Summers, et al^. (1965) reported similar results

in a six-week trial with sexed broilers in which males con
sumed significantly more feed than the females when fed
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TABLE VII
Experiment I
AVERAGE NINE-WEEK WEIGHT, FEED INTAKE
AND FEED CONVERSION FOR CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Average
Weight

Feed
Intake

Feed
Conversion

Kg.

Kg.

Male

2.125

5.012

2.361

Female

1.789

4.331

2.427

±0.016

±0.024

±0.015

Sex

se^
Protein Sequence

1.

17-17-17

1.893

4.655

2.464

2.

17-17-22

1.987

4.608

2.332

3.

17-22-22

1.940

4.562

2.356

4.

19-19-19

1.948

4.642

2.386

5.

22-17-17

1.939

4.697

2.428

6.

22-22-17

1.998

4.818

2.416

7.

22-22-22

1.995

4.720

2.376

±0.029

±0.045

±0.029

se

1

^■Standard error of the mean.
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TABLE VIII
Experiment I
ANALYSIS OF VARIANCE FOR AVERAGE
NINE-WEEK WEIGHT OF CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Source

D.F.

M.S.

F

Replication

3

0.1299

Protein^"

6

0.0118

1.73

Sex

1

1.5866

231.72**

Protein x Sex

6

0.0056

0.80

39

0.0070

----

Error

18.47**

**(P < 0.01).

^■Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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dietary protein levels from 20% to 26% of the diet.
Feed conversion is reflective of both average weight
and feed intake.

The analysis of variance for feed conver

sion, presented in Table X, shows that protein sequence had
a significant effect

(P < 0.05).

Orthogonal partitioning of

the six degrees of freedom for the protein sequence source
of variation revealed a highly significant decrease in feed
conversion,

(P < 0.01) for the 17-17-17 percent protein se

quence when compared to the average of the other two sequences
which started with 17% and increased to 22%.

Kubena, et al.

(1972a) reported increases in feed conversion ratios when
dietary protein decreased.
Male chicks exhibited a highly significant lower (P < 0.01)
feed conversion value, which is in agreement with the find
ings of Pepper, et al.

(1953) and Summers, et al.

(1965).

A summary of the results of the total carcass composi
tion proximate analyses is presented in Table XI.
The analysis of variance for carcass moisture percent,
presented in Table XII reveals a highly significant sex
effect.

Males had more carcass moisture than females (P < 0.01).

These sex differences are in agreement with those presented
by Kubena, et al.

(1972b) and Edwards et aJL. (1973) .

Examination of the analysis of variance for carcass ash
percent, presented in Table XIII, and the accompanying means,
presented in Table XI, revealed, that females were lower than
males

(P < 0.05) in carcass ash values.
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TABLE IX
Experiment I
ANALYSIS OF VARIANCE FOR NINE-WEEK
FEED INTAKE FOR CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Source

D.F.

M.S.

F

Replication

3

0.3160

19.10**

Protein1

6

0.0556

3.36**

4 vs. 1 2 3 5 6 7

1

0.0084

1 2 3 vs. 5 6 7

1

0.2243

1 vs. 2 3

1

0.0261

1.58

2 vs. 3

1

0.0084

0.51

7 vs. 5 6

1

0.0076

0.46

5 vs. 6

1

0.0591

3.57

0.51
13.56**

Sex

1

6.4790

391.67**

Protein x Sex

6

0.0046

0.27

39

0.0165

Error
**(P < 0.01).

^Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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TABLE X
Experiment I
ANALYSIS OF VARIANCE FOR NINE-WEEK
FEED CONVERSION FOR CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES

Source

D.F.

M.S.

F

Replication

3

0.0287

4.38**

Protein^-

6

0.0161

2.46*

4 vs. 1 2 3 5 6 7

1

0.0005

0.08

1 2 3 vs. 5 6 7

1

0.0062

0.95

1 vs. 2 3

1

0.0760

2 vs. 3

1

0.0024

0.37

7 vs. 5 6

1

0.0117

1.78

5 vs. 6

1

0.0005

0.08

11.61**

Sex

1

0.0613

9.36**

Protein x Sex

6

0.0077

1.17

39

0.0065

Error
* (P < 0.05).
* * (P < 0.01).

^Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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Examination of the analysis of variance for carcass fat
percent, presented in Table XIV, revealed significant sex
differences
Barnes,

(P < 0.05) as expected, Deaton, et al.

(1973) and Edwards, et al.

(1972),

(1973).

Table XV contains the analysis of variance for carcass
protein percent which showed no significant differences due
to dietary protein sequence or to sex.
the findings of Bedel,

These data support

(1966) who reported that dietary pro

tein level did not affect carcass composition, and Edwards
and Denman,

(1975) who found no differences in carcass protein

due to sex.
A summary of nine-week protein intake, calculated from
feed intake, and nine-week protein deposition, calculated
from the carcass proximate analyses data is presented in
Table XVI.
The analysis of variance for protein intake is present
ed in Table XVII.

Both protein sequence and sex exerted high

ly significant effects on protein intake,

(P < 0.01).

Males

consumed significantly more feed and therefore more protein
than females.

The protein sequence source of variation was

partitioned into six individual degree of freedom comparisons
which were all highly significant.

This indicated that one

objective of the experimental design had been accomplished by
effecting a differential in grams of protein intake among
the protein sequence treatments.
Examination of the analysis of variance for protein
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TABLE XI
EXPERIMENT I
MEANS OF TOTAL CARCASS COMPOSITION
PROXIMATE ANALYSIS OF NINE-WEEK OLD CHICKS
FED SELECTED DIETARY PROTEIN SEQUENCES
Moisture
%

Ash^
%

Fat1
%

Protein1
%

Sex
Male

63.89

8. 62

35.64

53.26

Female

62.32

7.99

38.61

51.08

±0.38

±0.22

±0.89

±0.81

se2
Protein Sequence
1.

17-17-17

61.75

8.43

39.71

50.02

2.

17-17-22

62.85

8.30

38.71

50.77

3.

17-22-22

63.87

8.43

34.22

53.82

4.

19-19-19

64.01

8.40

35.76

54.02

5.

22-17-17

62.88

8.74

37.61

51.01

6.

22-22-17

62.95

8.11

38.34

50.81

7.

22-22-22

63.40

7.75

35.54

54.73

±0.72

±0.40

±1.67

±1.51

se2
-1-Dry Matter Basis.

Standard error of the mean.
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TABLE XII
Experiment I
ANALYSIS OF VARIANCE FOR CARCASS MOISTURE
PERCENT OF NINE-WEEK OLD CHICKS
FED SELECTED DIETARY PROTEIN SEQUENCES

F

D.F.

M.S.

Replication

3

4.018

0.92

Protein'*'

6

4.614

1.12

Sex

1

34.509

Protein x Sex

6

2.669

39

4.359

Source

Error

8.35**
0.61

**(P < 0.01).
i

Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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TABLE XIII
Experiment I
ANALYSIS OF VARIANCE FOR CARCASS ASH
PERCENT OF NINE-WEEK OLD CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES

Source

D.F.

M.S.

Replication

3

1.667

1.21

Protein^"

6

0.766

0.59

Sex

1

5.519

4.24*

Protein x Sex

6

0.824

0.60

39

1.301

Error

F

*(P < 0.05).
^"Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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TABLE XIV
Experiment I
ANALYSIS OF VARIANCE FOR CARCASS
FAT PERCENT OF NINE-WEEK OLD CHICKS
FED SELECTED DIETARY PROTEIN SEQUENCES
Source

D.F.

F

M.S.

Replication

3

16.748

0.72

Protein^-

6

31.574

1.42

Sex

1

123.196

Protein x Sex

6

15.438

39

22.296

Error

5.53*
0.66

*(P < 0.05) .
^Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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TABLE XV
Experiment I
ANALYSIS OF VARIANCE FOR CARCASS
CRUDE PROTEIN PERCENT OF NINE-WEEK OLD CHICKS
FED SELECTED DIETARY PROTEIN SEQUENCES
Source

D.F.

F

M.S.

Replication

3

14.131

0.75

Protein 1

6

29.968

1.64

Sex

1

66.534

3.63

Protein x Sex

6

14.332

0.76

39

18.921

■

Error

Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.

TABLE XVI
Experiment I
MEANS FOR NINE-WEEK PROTEIN INTAKE
AND PROTEIN DEPOSITION BY CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Protein
Intake
guts.

Protein
Deposition
gins.

Sex
Male

973.22

404.58

Female

841.38

343.15

±4.75

±5.11

se1
Protein Sequence
1.

17-17-17

791.34

360.96

2.

17-17-22

896.37

373.23

3.

17-22-22

970.85

366.96

4.

19-19-19

881.92

376.36

5.

22-17-17

831.88

366.50

6.

22-22-17

940.33

375.48

7.

22-22-22

1038.38

397.58

±8.89

±9.56

se

1

^Standard error of the mean.

TABLE XVII
Experiment I
ANALYSIS OF VARIANCE FOR GRAMS PROTEIN
INTAKE IN NINE WEEKS BY CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Source

D.F.

M.S.

F

Replication

3

11695

18.50**

Protein-*-

6

56279

89.09**

4 vs. 1 2 3 5 6 7

1

6008

9.50**

1 2 3 vs. 5 6 7

1

30816

48.74**

1 vs. 2 3

1

107959

170.75**

2 vs. 3

1

22191

35.10**

7 vs. 5 6

1

123660

195.59**

5 vs. 6

1

47038

74.40**

Sex

1

243357

Protein x Sex

6

262

39

632

Error

384.91**
0.42

**(P < 0.01) .

■^Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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deposited in the carcass, presented in Table XVIII, revealed
a highly significant sex difference,

(P < 0.01), which result

ed from the fact that males deposited approximately 61 grams
more protein in the carcass in nine weeks than did the females
fed the same protein sequences (Table XVI).

These data are

reflective of a greater average weight for males and a car
cass protein percentage that was not different from that of
females.
Differences due to the protein sequence source of varia
tion for grams protein deposited were found to be statisti
cally nonsignificant.

Over a wide range of protein intakes

from 791 grams to 1038 grams in nine weeks, there was no
difference in the amount of protein deposited in the carcass.
These observations disagree with reports by Velu, et al.
(1971) and Velu, et al.

(1972a) who found that body protein

was increased by increasing the dietary protein intakes.
Examination of the means for protein deposition presented in
Table XVI reveals an apparent upper limit of about 375 grams
of protein deposited in nine weeks, regardless of the amount
of protein consumed.

This phenomenon might possibly be ex

plained as a genetic barrier to protein deposition.
A summary of protein efficiency ratio and protein
utilization means is presented in Table XIX.
The analysis of variance for protein efficiency ratio
(P.E.R.) is presented in Table XX.

Protein sequence had a

highly significant effect on P.E.R.

(P < 0.01).

Orthogonal

TABLE XVIII
Experiment I
ANALYSIS OF VARIANCE FOR GRAMS PROTEIN
DEPOSITED BY NINE-WEEK OLD CHICKS
FED SELECTED DIETARY PROTEIN SEQUENCES
Source

D.F.

F

M.S.

Replication

3

3997

5.47**

Protein^-

6

1120

1.53

Sex

1

52822

Protein x Sex

6

642

39

731

Error

74.24**
0.88

**(P < 0.01).
''’Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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TABLE XIX
Experiment I
PROTEIN EFFICIENCY RATIO AND PERCENT PROTEIN
UTILIZATION MEANS FOR NINE-WEEK OLD CHICKS
FED SELECTED DIETARY PROTEIN SEQUENCES
Protein
Efficiency
Ratio

Percent
Protein ^
Utilization

Sex
Male

2.20

41.74

Female

2.14

41.08

±0.02

±0.57

se^
Protein Sequence
1.

17-17-17

2.39

45.67

2.

17-17-22

2.22

41.77

3.

17-22-22

2.00

37.77

4.

19-19-19

2.19

42.64

5.

22-17-17

2.33

43.99

6.

22-22-17

2.13

39.81

7.

22-22-22

1.92

38.19

±0.03

±1.06

se^

^-Percent protein utilization represents
deposited/grams protein intake) x 100.
2
Standard error of the mean.

(grams protein

TABLE XX
Experiment I
ANALYSIS OF VARIANCE FOR PROTEIN EFFICIENCY
RATIO OF NINE-WEEK OLD CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Source

D.F.

M.S.

F

Replication

3

0.025

3.50*

Protein1

6

0.228

32.19**

4 vs. 1 2 3 5 6 7

1

0.005

0.06

1 2 3 vs. 5 6 7

1

0.069

0.82

1 vs. 2 3

1

0.423

5.02**

2 vs. 3

1

0.199

2.36

7 vs. 5 6

1

0.522

6.19**

5 vs. 6

1

0.153

1.81

Sex

1

0.046

6.46*

Protein x Sex

6

0.009

1.33

39

0.007

Error
*(P < 0.05).
**(P < 0.01).

^Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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TABLE XXI
Experiment I
ANALYSIS OF VARIANCE FOR NINE-WEEK
PROTEIN UTILIZATION BY CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Source

D.F.

M.S.

Replication

3

5.70

Protein^"

6

70.12

F
0.63
7.84**

4 vs. 1 2 3 5 6 7

1

14.28

1.60

1 2 3 vs. 5 6 7

1

13.87

1.55

1 vs. 2 3

1

185.42

2 vs. 3

1

64.00

7.16*

7 vs. 5 6

1

73.46

8.22**

5 vs. 6

1

69.72

7.80**

20.74**

Sex

1

6.10

0.68

Protein x Sex

6

7.69

0.86

39

8.94

Error
*(P < 0.05).
* * (P < 0.01).

^Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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comparisons showed that when chicks received 22% dietary pro
tein in the last period, when compared to 17% protein in the
final period, the P.E.R. was poorer (P < 0.01).

It appears

that feeding higher levels of dietary protein in the latter
phases of the grow-out period may have produced slightly
heavier birds, but the birds were not as efficient in convert
ing dietary protein to body mass.
findings of Leong, et al.

These data confirm the

(1959) and Kubena, et al,

(1972a)

who reported decreased gains in grams of live body weight ob
tained as grams of feed protein consumed was increased.
Males produced significantly higher P.E.R. values than
did the females which were fed the same protein sequences
(P < 0.05).
et al.

These data agree with findings reported by Douglas,

(1958)

The analysis of variance for percent protein utiliza
tion is presented in Table XXI.

Orthogonal comparisons among

the protein sequences showed that increasing the dietary pro
tein percentage in the last one or two periods, thereby in
creasing the grams of protein consumed, resulted in poorer
protein utilization percentages.

These findings are consis

tent with those reported by Summers and Fisher,
and Fisher,
Fisher,

(1963); Combs,

(1961); Chalupa

(1964); Summers, et al.

(1972) and Velu and Baker,

(1974).

flict with reports by Hegsted and Neff,

(1964);

These data con

(1970) and Velu, et al.

(1971) who found that protein utilization was relatively con
stant over a wide range of protein intakes.
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Sex had no significant effect on protein utilization,
which indicated that males and females were equally efficient
in converting dietary protein to body protein.

This concept

of equal sex efficiency may apply to protein just as it did
to energy, Begin,

(1967) and Davenport,

(1973).

Experiment II
This experiment was initiated to investigate further the
responses of sexed broiler chicks to selected dietary protein
sequences.

Since the average weights obtained with the pro

tein sequences in Experiment I were not significantly differ
ent, and the 17-17-17 percent protein sequence appeared to
be borderline for the protein requirement of the Cobb colorsexed broiler, Experiment II was designed to include lower
protein percentages in an attempt to clarify the protein re
quirement for each sex and to substantiate the findings of
Experiment I with additional data.

A factorial arrangement of

treatments consisting of 2 (sexes) x 7 (protein sequences)
was applied to a completely randomized design experiment with
four observations per treatment combination.

The rations

used in composing the seven protein sequences are presented
in Tables IV, V and VI.
A summary of nine-week average weight, feed intake and
feed conversion is presented in Table XXII.
The analysis of variance for nine-week weight, pre
sented in Table XXIII, shows highly significant differences

due to protein sequence (P < 0.01).

Orthogonal comparisons

among the protein sequences showed increased weights for the
chicks started on 21 percent protein diets when compared to
the weights of chicks started on 16% protein diets,
vs. 1.9497).

(2.042

Within each starting protein level, the average

weights increased with increasing protein percentages in the
latter two periods.

Similar results were obtained by Eberst,

et a l . (1972) who reported increased body weight gains by
sex when the dietary protein percentage was increased from 20
percent to 24% in isocaloric turkey grower rations.
Males, as expected, were heavier than females at nine
weeks of age (P < 0.01).
The protein sequence X sex interaction was significant
(P < 0.05).
tion.

This interaction was one of magnitude, not direc

Males were heavier than the females on each protein

sequence with an average weight difference of 403 grams.
The analysis of variance for nine-week feed intake is
presented in Table XXIV.

Highly significant differences in

feed intake (P < 0.01) were observed due to protein sequence.
Chicks receiving the 21 percent protein rations in the first
period consumed 246 gms. more feed (P < 0.01) than the chicks
which started with the 16 percent protein rations.
support the reports of Aitken, et al.

These data

(1973) as well as the

data generated in Experiment I, reported previously in this
manuscript.

Significant differences were observed for the
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comparison of protein sequence #2 (16-16-21) versus sequence
#3 (16-21-21).

Combs, et al.

(1964) reported a reduction in

consumption of metabolizable energy by the chick when high
levels of protein were fed.

They suggested that intake of

the excess amino acids or the resulting high levels of meta
bolites which accumulate in the blood might be responsible
for the reduction in feed intake.

The chicks receiving pro

tein sequence #2 consumed 125 gms. less feed than the chicks
which received sequence #3,

The chicks receiving sequence

#3 were being fed a higher protein level in period two (4-6
weeks) and possibly became acclimated to the higher level,
therefore did not exhibit a reduction in feed intake.
birds receiving sequence #2 were

accustomed

The

to the 16% pro

tein ration and received a higher protein level in the final
period which might possibly account for their reduced feed
intake.
Males, as expected, consumed more feed than the females.
This is in agreement with Summers, et al.

(1965).

Examination of the analysis of variance for nine-week
feed conversion, presented in Table XXV, revealed a highly
significant protein sequence source of variation.

Orthogonal

comparisons among the protein sequences confirmed the general
trends observed in Experiment I, which indicated that as the
protein percentage of the ration decreased, the feed conver
sion became poorer.
As noted in Experiment I, sex exerted a highly significant
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TABLE XXII
Experiment II
AVERAGE NINE-WEEK WEIGHT, FEED INTAKE
AND FEED CONVERSION FOR CHICKS
FED SELECTED DIETARY PROTEIN SEQUENCES
Average
Weight

Feed
Intake

Kg.

Kg.

Male

2.201

4.772

2.178

Female

1.789

4.062

2.269

±0.007

±0.015

±0.006

Feed
Conversion

Sex

se1
Protein Sequence
1.

16-16-16

1.878

4.283

2.290

2.

16-16-21

1.954

4.239

2.183

3.

16-21-21

2,017

4.364

2.178

4.

19-19-19

2.023

4.409

2.192

5.

21-16-16

1.994

4.511

2.279

6.

21-21-16

2.025

4.578

2.278

7.

21-21-21

2.107

4. 536

2.166

±0.012

±0.027

±0.011

se1

■^Standard error of the mean.

TABLE XXIII
Experiment II
ANALYSIS OF VARIANCE FOR AVERAGE
NINE-WEEK WEIGHT OF CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Source
Protein^-

D.F.
6

M.S.
0.0402

F
32.52**

4 vs. 1 2 3 5 6 7

1

0.0052

4.21*

1 2 3 vs. 5 6 7

1

0.1025

83.01**

1 vs. 2 3

1

0.0621

50.29**

2 vs. 3

1

0.0161

13.04**

7 vs. 5 6

1

0.0512

41.46**

5 vs. 6

1

0.0039

3.16

Sex

1

2.2692

Protein x Sex

6

0.0033

42

0.0012

Error

1837.67**
2.66*

*(P < 0.05).
**{P < 0.01).

^"Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.

TABLE XXIV
Experiment II
ANALYSIS OF VARIANCE FOR NINE-WEEK
FEED INTAKE FOR CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Source
Protein*

D.F.
6

M.S.
0.1352

F
22.50**

4 vs. 1 2 3 5 6 7

1

0.0005

0.09

1 2 3 vs. 5 6 7

1

0.7273

121.08**

1 vs. 2 3

1

0.0017

0.28

2 vs. 3

1

0.0628

10.45**

7 vs. 5 6

1

0.0004

0.07

5 vs. 6

1

0.0182

3.04

Sex

1

7.0557

Protein x Sex

6

0.0124

42

0.0060

Error

1175.59**
2.06

**{P < 0.01).
^"Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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effect on feed conversion (P < 0.01), with the males being
more efficient in converting feed to body mass.
A summary of the results of the total carcass composi
tion proximate analyses is presented in Table XXVI.
The analysis of variance for carcass moisture percent
is presented in Table XXVII.

Significant differences (P <

0.05) were observed for the sex source of variation.

Male

carcasses contained on the average 1.66% more moisture than
the female carcasses.
The analysis of variance for carcass ash percent is
presented in Table XXVIII.
cant source of variation.

Again sex was the only signifi
Male carcasses contained signifi

cantly higher ash percentages (P < 0.05).
The analysis of variance for carcass
presented in Table XXIX,

fatpercent is

Female carcasses were significantly

higher in fat percentages (P < 0.05).
The analysis of variance for carcass crude protein per
cent, presented in Table XXX, showed nonsignificant differ
ences due to protein sequence and to sex.
From the preceeding data it appears that protein se
quence had no effect on carcass composition.

Sex accounted

for the majority of the variation observed in the carcass
analyses variables, and was the only significant source of
variation for percent moisture, ash and fat in the carcass.
These data disagree with reports by Donaldson, et a l .
(1956) and Rand, et ’al.

(1957) who found that as dietary

TABLE XXV
Experiment II
ANALYSIS OF VARIANCE FOR NINE-WEEK
FEED CONVERSION FOR CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
D.F.

Source
Protein^4 vs. 1 2

6

0.0246

F
24.90**

1

0.00943

9.54**

1

0.00696

7.04*

1 vs. 2 3

1

0.06366

64.39**

2 vs. 3

1

0.00013

7 vs. 5 6

1

0.06750

68.28**

5 vs. 6

1

0.00001

0.01

12

3 5 6 7

M.S.

3 vs. 5 6 7

0.13

Sex

1

0.1168

118.10**

Protein x Sex

6

0.0008

0.80

42

0.0010

Error
*{P < 0.05).
**(P < 0.01).

^"Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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TABLE XXVI
Experiment II
MEANS OF TOTAL CARCASS COMPOSITION PROXIMATE
ANALYSIS OF NINE-WEEK OLD CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Moisture
%

Ash1
%

Fat1
%

.

Protein

Sex
Male

64.46

8.87

36.75

51.78

Female

62.80

7.99

39.63

50.24

±0.48

+ 0.26

±0. 88

±0.70

se2
Protein Sequence
1.

16-16-16

62.05

7.71

40.98

48.80

2.

16-16-21

65.26

8.54

34.45

53.53

3.

16-21-21

63.36

8.89

38.47

50.71

4.

19-19-19

64.56

8.86

37.61

52.12

5.

12-16-16

63.21

8.77

3b.02

50.39

6.

21-21-16

62.84

8.16

40.89

49.94

7.

21-21-21

64.13

8.07

36.95

51.60

±0.89

±0.48

±1.65

+1.31

se2

^Dry matter basis
2
Standard error of the mean.

1
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TABLE XXVII
Experiment II
ANALYSIS OF VARIANCE FOR CARCASS
MOISTURE PERCENT OF NINE-WEEK OLD CHICKS
FED SELECTED DIETARY PROTEIN SEQUENCES
Source

D.F.

M.S.

Protein’*'

6

9.527

Sex

1

38.165

Protein x Sex

6

2.836

F
1.49
5.98*
0.44

Error
*(P < 0.05).

"'’Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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TABLE XXVIII
Experiment II
ANALYSIS OF VARIANCE FOR CARCASS
ASH PERCENT OF NINE-WEEK OLD CHICKS
FED SELECTED DIETARY PROTEIN SEQUENCES
Source

D.F.

M.S.

Protein^"

6

1.663

Sex

1

10.859

Protein x Sex

6

1.099

42

1.835

Error

F
0.91
5.92*
0.60

*(P < 0.05) .

^Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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TABLE XXIX
Experiment II
ANALYSIS OF VARIANCE FOR CARCASS FAT
PERCENT OF NINE-WEEK OLD CHICKS
FED SELECTED DIETARY PROTEIN SEQUENCES
Source

D.F.

Protein^"

6

41.374

Sex

1

116.035

Protein x Sex

6

9.151

42

21.721

Error

F

M.S.

1.90
5.34*
0.42

*(P < 0.05) .

^"Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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TABLE XXX
Experiment XI
ANALYSIS OF VARIANCE FOR CARCASS CRUDE
PROTEIN PERCENT OF NINE-WEEK OLD CHICKS
FED SELECTED DIETARY PROTEIN SEQUENCES
Source

D.F.

F

M.S.

Protein'*'

6

19.222

1.39

Sex

.1

33.079

2.39

Protein x Sex

6

7.127

0.52

42

13.831

Error

"^Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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protein is increased/ there is an increase in carcass moisture
and a decrease in carcass fat.
A summary of protein intake and protein deposition means
is presented in Table XXXI.
Examination of the analysis of variance for grams protein
intake presented in Table XXXII revealed highly significant
differences

(P < 0.01) due to protein sequence.

All orthogonal

comparisons among the protein sequences were highly statisti
cally significant (P < 0.01), which indicated that one objec
tive of the experimental design had been accomplished by
effecting differences in protein intake.

Males consumed more

protein than the females (P < 0.01).
The protein sequence X sex interaction was highly signi
ficant (P < 0.01).

This interaction was one of magnitude

since the males consistently consumed more protein than females
over each of the protein sequences.
The analysis of variance for grams protein deposited
is presented in Table XXXIII.

The protein sequence source of

variation was highly significant <P < 0.01).

Orthogonal com

parisons among the protein sequences showed that chicks fed
lower dietary protein levels in the first period deposited less
protein in the carcass.

The comparison of protein sequence #1

versus #2 and #3 was significant at the 0.01 level of probabi
lity.

It appears that the chicks fed the 16-16-16 percent

protein sequence were not able to consume enough protein to
deposit as much protein in the carcass.

Chicks fed the 21-21-21
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protein sequence had the highest protein intake and the
greatest amount of protein in the carcass.

It is interest

ing to note that the range of protein deposition appears to
be close to that reported in Experiment I.

This upper limit

of protein deposition of approximately 375 grams in nine weeks
seems to add credence to the concept of a genetic barrier to
protein deposition as described in Experiment I.
The sex source of variation for the variable protein
deposited was highly significant.

Males deposited 69 grams

more protein in the carcass than did females (P < 0.01).
A summary of protein efficiency ratio and protein utili
zation means is presented in Table XXXIV.
Protein sequence had a highly significant effect on pro
tein efficiency ratio in the analysis of variance presented
in Table XXXV.

The comparisons among protein sequences were

all highly significant (P < 0.01), which showed that as the
dietary protein percentages were increased in the protein se
quences , the grams weight gain per gram of protein intake
decreased.
The protein efficiency ratio was significantly higher
for males which indicated that more weight was obtained per
gram of protein intake for males than for females even though
males consumed over 130 grams more protein in nine weeks.
The analysis of variance for percent protein utiliza
tion is presented in Table XXXVI.

Highly significant differ

ences (P < 0.01) were observed for percent protein utilization

TABLE XXXI
Experiment II
MEANS FOR NINE-WEEK PROTEIN INTAKE
AND PROTEIN DEPOSITION BY CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Protein
Intake
gms.

Protein
Deposition
gms.

Sex
Male

887.39

403.58

Female

754.95

334.55

±2.59

±3.22

se1
Protein Sequence
1.

16-16-16

685.34

345.85

2.

16-16-21

793.86

362.69

3.

16-21-21

891.79

371.68

4.

19-19-19

837.79

372.26

5.

21-16-16

748.62

367.75

6.

21-21-16

838.34

374.39

7.

21-21-21

952.47

388.85

±4.84

±6.02

se^
^"Standard error of the mean.
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TABLE XXXII
Experiment II
ANALYSIS OF VARIANCE FOR GRAMS PROTEIN
INTAKE IN NINE WEEKS BY CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
D.F.

Source
Protein^-

6

M.S.
63009.14

F
336.34**

4 vs. 1 2 3 5 6 7

1

2577.32

13.76**

1 2 3 vs. 5 6 6

1

37833.87

201.96**

1 vs. 2 3

1

132272.70

706.08**

2 vs. 3

1

38361.14

204.77**

7 vs. 5 6

1

134815.04

719.65**

5 vs. 6

1

32195.12

171.86**

Sex

1

245584.82

1310.94**

Protein x Sex

6

1047.69

5.59**

42

187.33

Error
**(P

<

0.01).

"'’Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.

TABLE XXXIII
Experiment II
ANALYSIS OF VARIANCE FOR GRAMS PROTEIN
DEPOSITED BY NINE-WEEK OLD CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Source
Protein^4 vs. 1 2

D.F.

M.S.

6

3 357.53

3 5 6 7

F
4.68**

1

95.36

1 2 3 vs. 5 6 7

1

3437.47

11.85**

1 vs. 2 3

1

2426.79

8.36**

2 vs. 3

1

323.10

7 vs. 5 6

1

1686.26

5 vs. 6

1

176.23

Sex

1

66716.11

Protein x Sex

6

176.62

42

290.20

Error

0.33

1.11
5.81*
0.61
229.89**
0.61

*(P < 0.05) .
* * (P < 0.01).

^"Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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due to protein sequence.

The comparisons of sequences #1

versus #2 and #3, #2 versus #3, #7 versus #5 and #6, and #5
versus #6 were highly significant {P < 0.01).

These data

show that as the dietary protein percentage is increased in
the protein sequences, accompanied by an increase in grams
protein intake, the percentage of the dietary protein deposit
ed in the carcass decreases.
by Combs,

(1964) and Robel,

These data agree with reports
(1973) who found that excess

essential amino acids in the diet were not conducive

to the

efficient utilization of protein by the growing chick.
The difference between the sexes in protein utiliza
tion was significant (P < 0.05).

Males deposited 45.84% of

the ingested protein in the carcass, whereas females deposited
only 44.61%.

TABLE XXXIV
Experiment II
PROTEIN EFFICIENCY RATIO AND PERCENT PROTEIN
UTILIZATION MEANS FOR NINE-WEEK OLD CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Protein
Efficiency
Ratio

Percent
Protein
Utilization^-

Sex
Male

2.50

45.84

Female

2.40

44.61

±0.006

±0.40

se.2
Protein Sequence

1.

16-16-16

2.74

50.43

2.

16-16-21

2.46

45.62

3.

16-21-21

2.26

41.70

4.

19-19-19

2.41

44.39

5.

21-16-16

2.66

49.04

6.

21-21-16

2.41

44. 64

7.

21-21-21

2.21

40.75

±0.01

±0.74

se^

"^Percent protein utilization represents (grams protein de
posited/grams protein intake) X 100.
2
Standard error of the mean.

TABLE XXXV
Experiment II
ANALYSIS OF VARIANCE FOR PROTEIN EFFICIENCY
RATIO OF NINE-WEEK OLD CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Source
Protein1

D.F.
6

M.S.
0.2990

F
275.09**

4 vs. 1 2 3 5 6 7

1

0.0138

12.73**

1 2 3 vs. 5 6 7

1

0.0396

36.41**

1 vs. 2 3

1

0.7683

706.86**

2 vs. 3

1

0.1581

145.49**

7 vs. 5 6

1

0.5713

525.65**

5 vs. 6

1

0.2428

223.42**

Sex

1

0.1407

129.46**

Protein x Sex

6

0.0007

0.68

42

0.0011

Error
* * (P < 0.01).

^"Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.
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TABLE XXXVI
Experiment II
ANALYSIS OF VARIANCE FOR NINE-WEEK
PROTEIN UTILIZATION BY CHICKS FED
SELECTED DIETARY PROTEIN SEQUENCES
Source
Protein1

D.F.
6

M.S.
100.37

F
22.66**

4 vs. 1 2 3 5 6 7

1

6.56

1.48

1 2 3 vs. 5 6 7

1

14.63

3.30

1 vs. 2 3

1

244.13

55.13**

2 vs. 3

1

61.37

13.86**

7 vs. 5 6

1

198.10

44.73**

5 vs. 6

1

77.43

17.48**

Sex

1

21. 42

Protein x Sex

6

3.07

42

4.43

Error

4.84*
0.69

*(P < 0.05).
**(P < 0.01).

^"Protein represents protein sequence as defined in the
Experimental Procedure section of this manuscript.

SUMMARY
Two experiments, involving 112 pens (11200 chicks), were
conducted to evaluate the responses of sexed broiler type
chickens to selected dietary protein sequences during a nineweek grow out period.

The grow out periods in both experi

ments were divided into 3 three-week increments, each receiv
ing a designated dietary protein percentage in sequence.

The

seven protein sequences utilized in Experiment I were; 1,
17-17-17; 2, 17-17-22; 3, 17-22-22; 4, 19-19-19; 5, 22-17-17;
6 , 22-22-17; and 7, 22-22-22; whereas, Experiment II was com
posed of sequences 1, 16-16-16; 2, 16-16-21; 3, 16-21-21; 4,
19-19-19; 5, 21-16-16; 6, 21-21-16; and 7, 21-21-21.

Total

carcass composition proximate analyses data were studied as
possible response variables in each experiment.
Average weight per bird in Experiments I and II was
shown to be significantly higher for the males.

Protein se

quence did not significantly affect average weight per bird
in Experiment I; however, in Experiment II, average weight per
bird was significantly improved when the chicks were started
on the higher protein percentage (21 vs 16) and within both
starting protein percentages as the protein level was in
creased in subsequent 3-week periods.
Males in Experiments I and II consumed significantly
greater amounts of feed.

Feed intake in both experiments was

significantly affected by protein sequence.

Chicks starting

on the higher protein levels (22% in Experiment I and 21% in
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Experiment II) consumed more feed than the chicks starting
on the lower protein levels.

Feed conversion ratios in both

experiments became poorer as the protein percentage in the
ration decreased, and males were more efficient in convert
ing feed to body mass.
Carass composition was significantly affected by sex
for the variables percent moisture, ash and fat.

Males were

higher in carcass moisture and ash, but lower in fat.

Sex

did not, however, affect carcass crude protein percent, nor
did protein sequence affect total carcass composition.
Males consumed an average of 132 gms. more protein in
nine weeks and deposited approximately 65 gms. more protein
in the carcass.

A significant range of protein intakes was

effected by the protein sequences in both experiments.

How

ever, no differences in protein deposition due to protein se
quence were observed in Experiment I , and the magnitude of
the differences observed in Experiment II were on the order
of +10 gms.

It would seem logical to assume that there is a

limit to the amount of protein that can be deposited in the
carcass, even though protein in excess of that required for
maintenance and growth is ingested.

This limit to protein

deposition might possibly be a genetic barrier since, even
with a wide range of protein intakes from suboptima1 to the
superoptimal, there were only small changes in protein de
position.

The average protein deposition over both experi

ments was approximately 375 gms. Another likely speculation
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that might clarify the explanation of this phenomenon is that
the protein requirement of chicks is a function of the growth
rate, hence a genetic barrier to protein deposition.
Protein efficiency ratio was significantly affected by
sex and protein sequence.

The protein efficiency ratios for

males in Experiments I and II were 2.20 and 2.50 respectively,
while those for females were 2.14 and 2.40.

The differences

in P.E.R. due to protein sequence showed that as dietary pro
tein level or protein intake was increased, the grams of weight
gain per unit of protein intake was decreased.
Protein utilization in both experiments was significant
ly affected by protein sequence, hence protein intake.

As

the protein intake increased, the percent protein utilization
decreased in a linear manner.

Sex had no effect on protein

utilization in Experiment I, but was significant in Experi
ment II.

These data suggested that the sexes have very near

ly equal abilities to convert dietary protein to body protein.
This concept of equal efficiency of utilization by the sexes
may apply to protein just as it did to energy, Davenport
(1973).
It is interesting to note that the reference ration
(19-19-19) elicited responses that were, for nearly every
variable studied, at least equal or superior to those re
sponses elicited by the other six protein sequences.

CONCLUSIONS
The results from these studies appear to warrant the
following conclusions:
(1)

Feeding balanced amino acid template protein sequences
composed of 17, 22 and/or 19% crude protein rations re
sulted in the following:
(a)

did not affect average weight per bird at nine
weeks of age;

(b)

reduced cumulative nine-week feed intake when 17%
crude protein rations were fed during the first
three weeks of the nine-week feeding trial;

(c)

improved feed conversion ratios when the crude
protein levels in the 17% starting rations were
increased to 22% in subsequent three-week periods;

(d)

did not affect total carcass composition proxi
mate analyses at nine weeks of age;

(e)

effected a differential in gms. protein intake in
nine weeks;

(f)

did not affect protein deposition in the carcass
at nine weeks of age;

(g)

reduced the protein efficiency ratio at nine weeks
of age when the chicks received 22% dietary crude
protein during the final three weeks of the feed
ing trial;

(h)

reduced protein utilization at nine weeks of age
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in a linear manner as protein intake increased.
(2)

Feeding balanced amino acid template protein sequences
composed of 16, 21 and/or 19% crude protein rations
resulted in the following:
(a)

increased average weight per bird at nine weeks
of age when the reference ration (19-19-19) was
compared to the average of the six sequences con
taining 16 and/or 21% crude protein;

(b)

increased average weight per bird at nine weeks
of age when the higher protein level (21%) was fed
during the first three weeks of the feeding trial
and within both starting regimes as the dietary
protein level was increased in subsequent threeweek periods;

(c)

reduced the cumulative nine-week feed intake when
16% crude protein rations were fed during the
first three weeks of the nine-week feeding trial
and increased feed intake when the starting rations
were increased from 16% crude protein to 21% dur
ing the final two three-week periods;

(d)

improved feed conversion ratios when the chicks
were fed the 16% protein rations for the first three
weeks of the nine-week feeding trial and when the
crude protein level was increased within both
starting regimes;

(e)

did not affect total carcass composition proximate

analyses at nine weeks of age;
(f)

effected a differential in gms. protein intake in
nine weeks;

(g)

reduced protein deposition in the carcass at nine
weeks of age when the chicks received 16% protein
rations during the first three weeks of the nineweek feeding trial;

(h)

reduced protein deposition in the carcass at nine
weeks of age when the 16-16-16% protein sequence
was fed and increased protein deposition when the
21-21-21% protein sequence was fed;

(i)

increased protein efficiency ratios at nine weeks
of age when 16% dietary protein levels were fed
during the first three weeks of the nine-week feed
ing trial;

(j)

decreased protein efficiency ratios at nine weeks
of age within both starting regimes when dietary
protein levels were increased in subsequent threeweek periods;

(k)

decreased protein utilization at nine weeks of age
within both starting protein levels as the dietary
protein levels were increased in subsequent threeweek periods.

Examination of the sex source of variation indicated
the following:
(a)

sex accounted for the majority of the variation

72
in the experiments;
(b) greater average weight per bird for males at nine
weeks of age;
(c) increased cumulative nine-week feed intake for
males;
(d) superior nine-week feed conversion by males;
(e) significantly higher carcass moisture and ash per
centages for males at nine weeks of age;
(f) greater carcass fat percentages at nine weeks of
age for females;
(g) no differences in carcass crude protein percen
tages between the sexes at nine weeks of age;
(h) increased protein intake and carcass protein de
position by weight for males at nine weeks of age;
(i) superior protein efficiency ratios for males at
nine weeks of age;
(j) very nearly equal protein utilization by the
sexes at nine weeks of age.
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